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PATENT 

Attorney Docket No.: 2558-620 



RAPID ASSEMBLY CASTING SYSTEM 
FOR SLAB GELS 

This invention lies in the field of electrophoresis in slab-shaped gels, and 
particularly in the methods and types of apparatus used for casting slab-shaped gels from 
a liquid gel-forming solution. 



BACKGROUND OF THE INVENTION 

Electrophoresis in slab gels is widely used for separating and analyzing 
mixtures of chemical species, and particularly mixtures of complex species such as 
proteins, polypeptides, nucleic acids and oligonucleotides. Slab gels permit the 
simultaneous analysis of multiple samples as well as the inclusion of standards to 
facilitate the identification of the species. Once the separation has been performed, a slab 
gel is easily removed from its enclosure and readily stained for detection and analysis. 

Electrophoresis gels are prepared by polymerization of monomers in liquid 
solutions. Some of the largest sources of operator error and loss of time in the laboratory 
with slab gel electrophoresis are in the preparation stages of the gel and particularly in the 
casting procedure. With many types of apparatus, it often difficult to achieve proper 
alignment and assembly of the parts in a leak-proof manner without damage or breakage. 
The procedure requires time-consuming care, particularly when performed by those who 
are inexperienced. The present invention seeks to address these difficulties." 



SUMMARY OF THE INVENTION 

This invention resides in several novel aspects of the structure and use of 
casting systems for slab gels. The various aspects are independently useful and can be 
included individually in gel casting systems or in combination. 

One aspect of this invention is a cam-operated mounting frame for holding 
flat plates and spacers together in a fluid-tight enclosure. The side edges of the stacked 
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glass plates (including spacers, which may be bonded to one of the plates or separate 
strips for insertion between the plates) slide into a pair of facing channels in a loose fit, 
and the walls of the channels are compressible against the plates by lever-operated cams 
that hold the plates and spacers against one another in a fluid-tight manner. Another 
5 aspect of the invention addresses the manner in which the joined plates are secured to a 
vertical support rack where gel-forming solution is placed in the gap between the plates 
and allowed to solidify and form the gel. In this aspect, the joined plates are held on a 
vertical support rack with the bottom opening of the plates pressed against the floor of the 
rack by a spring-loaded notched clamp at the top of the rack, the clamp being one that is 

1 0 readily opened and closed by a finger tab. A third aspect of the invention resides in a 
variation on the commonly used inserts or "combs" that are placed in the gel space to 
form sample wells in the gel as the gel is being cast. Flexible fingers at each end of the 
row of teeth (the well-foiming protrusions on the insert) serve to seal the insert against 
the spacers to reduce the risk of leakage of liquid around the insert. 

1 5 These and. other aspects, features, objects, and advantages of the invention 

will become more evident from the description that follows. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view, partially exploded, of a gel casting stand 
embodying features of the present invention. 
20 FIG. 2 is a front elevation view of a clamping frame for a gel plate 

assembly in accordance with this invention, identical to that shown mounted to the 
casting stand in FIG. 1. 

FIG. 3 is a cross section of the clamping frame and gel plate assembly of 
FIG. 2, taken along the line 3-3 of FIG. 2. 
25 FIG. 4 is a side view of a notched clamp in accordance with this invention, 

the clamp being one of the components shown in the perspective view of FIG. 1. 

FIG. 5a depicts a well-forming insert or "comb" in accordance with this 
invention. FIG. 5b shows the insert positioned between the spacers of a gel plate 
assembly. 



DETAILED DESCRIPTION OF THE INVENTION 
AND SPECIFIC EMBODIMENTS 

In each of its several aspects, this invention can be implemented in a wide 
range of embodiments differing in structure, shape, and manner of operation. For a better 
5 understanding of the features that are common to these various embodiments, however, 
the following description will focus on the specific examples that are shown in the 
drawings. These are only illustrative, however. 

The perspective view in FIG. 1 is that of a slab gel casting system that 
incorporates several aspects of the invention, illustrating how various features and parts 
1 0 fit together and coact. The system of FIG. 1 is designed for the casting of two slab gels 
independently on a single support rack 11 with left and right mounting stations 12, 13 in a 
side-by-side arrangement. The left mounting station 12 is shown empty, i.e., without a 
gel plate assembly, and with certain parts separated from the support rack to more clearly 
show the structure of the rack. The separated parts are the pivoting notched clamp 14, a 
1 5 pin 15 to secure the notched clamp to the support rack, and a coil spring 16 to bias the 
notched clamp, all of which are described in more detail below. 

The gel enclosures to be used in the gel casting system of this and the 
succeeding drawings are any of the wide variety of gel plate assemblies used in slab 
electrophoresis, generally consisting of two fiat rectangular plates separated by spacers 
20 between the plates along the opposing side edges of the plates, the spacers defining both 
the thickness of the gel due to their own thickness and the width of the gel due to the 
distance between the spacers. The spacers may be bonded to or molded as part of the 
surface of one of the two plates or separate strips of spacing material inserted between the 
flat plates. An illustrative gel plate assembly of this type is more visible in succeeding 
25 drawings and is further described in the descriptions of those drawings. 

Components made visible on the left mounting station 12 include a floor 
21 to support the bottom edge of the gel enclosure, a flat rectangular gasket 22 resting on 
the floor, and a vertical wall 23 against which the back of the gel enclosure rests. 
Extending upward from the top of the vertical wall are a pair of brackets 24 for mounting 
30 the notched clamp 14 to the support rack. Mounting is achieved by the pin 15 which 
passes through holes 25 in the brackets and a hole 26 in the notched clamp. 

The right mounting station 13 is identical to the left mounting station 12 
and is shown with the notched clamp 14 installed, together with a gel plate assembly 31 
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which includes a pair of flat rectangular glass plates 32, 33 of unequal height, the rear 
plate 32 having an upper edge extending above the upper edge of the forward plate 33. 
The two vertical side edges of the rear plate are slightly thicker than the central portion of 
the plate, forming raised platforms to serve as spacers for the forward plate, leaving a gap 
5 between the two plates for casting the gel. The gel plate assembly 31 also includes a 
clamping frame 34 that secures the two plates together to form fluid-tight closures along 
their side edges. The upper edge of the rear plate 32 is engaged by the notched clamp 14, 
which presses the rear plate and hence the entire gel plate assembly downward against the 
gasket to form a fluid-tight closure. The bottom and sides of the gel plate assembly are 

1 0 thus closed off, and a gel -forming solution can be poured into the space between the glass 
plates through the opening at the top between the two plates of unequal height. 

A feature included in the support rack for added convenience is a row of 
holes 38 for holding tubes for samples or reagents. This makes the casting system a 
compact unit that serves multiple functions. 

1 5 Detailed views of the gel plate assembly and clamping frame are seen in 

the front elevation view of these components in FIG. 2 and the cross section view of FIG. 
3. The two glass plates 32, 33 are visible in both drawings. The spacers are shown in 
FIG. 2 as raised platforms 35 integrated into the structure of the rear plate 32 along the 
two side edges of the plate. FIG. 3 shows the spacers as separate strips 36. In either case, 

20 the spacers define a gap 37, visible in FIG. 3, to serve as the gel space. The clamping 

frame is a four-sided rectangular frame 41 open at the center, with retaining members 42, 
43 (FIG. 3) along each of the two side edges. The retaining members have C-shaped 
profiles whose concave sides (referred to herein as channels or grooves 44, 45) face 
toward the center of the frame and each other. The grooves are large enough to loosely 

25 receive the side edges of the two glass plates with a spacer in between, and glass plates 
and spacers can thus be inserted into the retaining members from one end and slid along 
the lengths of the grooves until fully inserted. The length of each retaining member is 
preferably more than half the length of the side edge (z.e., the height) of the shorter glass 
plate. 

30 The outer walls 46, 47 of the retaining members are bendable and resilient. 

The wall 47 shown on the right side of FIG. 3 is in a relaxed condition, leaving the groove 
wide enough to allow free movement of the glass plates and spacer within the groove, 
while the wall 46 on the left side of the drawing is bent or distorted inward to contact the 
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forward glass plate 33 and press the plates and spacer against each other. The inward 
bending and relaxation of the two bendable walls are controlled by the positions of two 
lever-operated cams 51, 52, each mounted to the frame in a rotatable manner by pins 53, 
54 (shown in dashed lines). The lever 55 on the left cam is shown in a lowered position 
5 in which the cam itself 57 engages the bendable wall 46 pressing the wall against the 
glass plates. The lever 56 on the right cam has been rotated to a raised position, rotating 
the cam 58 out of contact with the bendable wall 47 and thereby releasing the wall from 
the glass plates. Each cam preferably extends substantially the full length of the 
corresponding bendable wall. 
10 FIG. 4 offers an enlarged view of the notched clamp 14 and its operation. 

The clamp, represented in solid lines, is in engagement with the upper edge 61 of the rear 
glass plate 32, the corner of the upper edge fitting within the notch 62 in the clamp which 
presses the glass plates downward against the gasket 22 (shown in FIG. 1). When the 
clamp is rotated around the mounting pin 15 to the position shown in dashed lines, the., 
1 5 pressure is released. The spring 16 biases the clamp toward the clamping position (solid 
lines). Manual operation of the clamp is facilitated by the finger tab 63. This tab, in 
conjunction with the stationary finger tab 64 (FIG. 1) on the support rack permits easy 
engagement and release of the notched clamp 14 by simply squeezing the tabs together 
(and thereby compressing the coil spring 16) to open the clamp and releasing them to 
20 close the clamp and engage the gel plate assembly. 

An additional feature or aspect of the present invention is a self-sealing 
insert for forming sample wells in the gel as the gel is being cast. Well-forming inserts 
are commonly referred to in patents and other literature as "templates" or "combs," the 
latter term reflecting the comb-like shape of the insert due to the teeth-like projections or 
25 protrusions that define the number, spacing and shape of the wells. The insert fits inside 
the gap between the glass plates and is placed along the upper edge of the gap with the 
teeth extending into the gel solution. When the gel sets, the insert is removed and the 
voids left by the teeth serve as wells for the placement of liquid samples to be separated 
by the eiectrophoretic analysis. The teeth may be of any shape but at most often 
30 rectangular and regularly spaced. Typical teeth are of the dimensions 0.20 inch (0.51 cm) 
x 0.40 inch (1 .02 cm), spaced apart by a distance of 0.1 1 inch (0.28 cm). 

An illustration of an insert incorporating the novel features of the present 
invention appears in FIGS. 5a and 5b. FIG. 5a shows the insert entirely separate from the 
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gel plate assembly. The insert consists of a flat strip 66 of solid, substantially rigid 
material with a row of teeth 67 of identical shape and equal spacing, extending 
perpendicularly from one side of the strip. While the insert shown in the drawing 
contains eight teeth, the number of teeth is not critical and inserts with different numbers 
5 of teeth (such as five, nine, ten, or fifteen) can be used as well. At the two extremities of 
the row are outwardly angled protrusions or fingers 68, 69. Each of these protrusions is 
flexible and resiliently bendable inward toward the remaining teeth. When the insert is 
placed between the glass plates and between the spacers 36, as shown in FIG. 5b, the end 
fingers 68, 69 are distorted from their relaxed condition and press against the inner edges 
10 of the spacers 36 to hold the insert in place and to form a lateral seal. Gel-forming 

solution that is placed in the gap between the glass plates is thus prevented from spillage 
around the ends of the insert by capillary action or when the gel plate assembly is lifted or 
handled. 

Once the gel is cast, the plates and spacers with the gel in between can be 
15 removed from the support rack and from the clamping frame, and are then readily 

transferred to any electrophoresis cell appropriately sized to accept the assembled plates. 
One example of such as cell is the "Mini-PROTEAN® 3" Mini Vertical Electrophoresis 
System, a product of, and commercially available from, Bio-Rad Laboratories, Inc., of 
Hercules, California, USA. A description of this type of cell is found in United States 
20 Patent No. 5,632,877 ("Rapid Assembly Electrophoresis Cell for Slab Gels," DX. Van 
Atta, inventor, issued May 27, 1997). 

The foregoing is offered primarily for purposes of illustration. It will be 
readily apparent to those skilled in the art that the configurations, relative dimensions, 
operating procedures and other parameters of this invention can be further modified or 
25 substituted in various ways without departing from the spirit and scope of the invention. 



WHAT IS CLAIMED IS: 
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1 1. Apparatus for securing together a plate and spacer assembly 

2 comprising a pair of flat plates with spacers in between to serve as a mold for casting an 

3 electrophoresis slab gel, said apparatus comprising: 

4 a frame having two parallel edges, each such edge having an inward-facing 

5 groove foimed therein, said grooves positioned to loosely receive opposing 

6 edges of said plate and spacer assembly; 

7 each said groove bordered by a wall that is resiliently bendable to vary the width 

8 of said groove; and 

9 cam means pivotally mounted to said frame to engage said resiliently bendable 

10 walls, said cam means capable of manual rotation between (i) a clamping 

1 1 position in which said cam means urge said resiliently bendable walls into 

12 said grooves, thereby narrowing the widths of said grooves and clamping a 

13 plate and spacer assembly into said frame, and (ii) an open position in 

1 4 which said cam means release said bendable walls, thereby permitting 

1 5 insertion and removal of said plate and spacer assembly. 

1 2. Apparatus in accordance with claim 1 in which said cam means 

2 comprise first and second independently operable cams, one engaging each of said 

3 resiliently bendable walls. 

1 3. Apparatus in accordance with claim 1 in which said cam means 

2 comprise first and second cams, one engaging each of, and extending substantially the 

3 full length of, said resiliently bendable walls. 

1 4. A combination of (i) a plate and spacer assembly and (ii) an 

2 apparatus for securing said plate and spacer assembly together to serve as a mold for 

3 casting an electrophoresis slab gel, said combination comprising: 

4 a plate and spacer assembly comprising a pair of flat plates with spacers in 

5 between; 

6 a frame having two parallel edges, each such edge having an inward-facing 

7 groove formed therein, said grooves positioned to loosely receive opposing 

8 edges of said flat plates with said spacers therebetween; 
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9 each said groove bordered by a wall that is resiliently bendable to vary the width 

10 of said groove; and 

1 1 cam means pivotally mounted to said frame to engage said resiliently bendable 

12 walls, said cam means capable of manual rotation between (i) a clamping 

1 3 position in which said cam means urge said resiliently bendable walls into 

14 said grooves, thereby narrowing the widths of said grooves and clamping 

1 5 said plate ;md spacer assembly into said frame, and (ii) an open position in 

1 6 which said, cam means release said bendable walls, thereby permitting 

1 7 insertion and removal of said plate and spacer assembly. 

1 5. Apparatus in accordance with claim 4 in which said cam means 

2 comprise first and second, independently operable cams, one engaging each of said 

3 resiliently bendable walls. 

1 6. Apparatus in accordance with claim 4 in which said cam means 

2 comprises first and second cams, one engaging each of, and extending substantially the 

3 full length of, said resiliently bendable walls. 

1 7. A casting stand for holding a rectangular slab gel enclosure having 

2 a bottom opening and securing said enclosure in a vertical position for casting a gel in 

3 said enclosure, said casting stand comprising: 

4 a support rack having a floor sized to cover said bottom opening and a vertical 

5 wall extending upward from said floor; 

6 a notched member pivotally mounted to said support rack above said floor, said 

7 notched member having a notch therein to receive an upper edge of said 

8 enclosure when said enclosure is resting against said vertical wall, said 

9 notched member capable of rotation between a clamping position in which 

10 said enclosure is received within said notch when said bottom opening is 

1 1 pressed against said floor, and an open position in which said notch is 

12 raised to release said enclosure from pressure against said floor and to 

1 3 thereby permit insertion and removal of said enclosure from said support 

14 rack, said notched member being spring-loaded to bias said notched 

1 5 member toward said clamping position. 
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1 8. A casting stand in accordance with claim 7 further comprising a 

2 gasket sized to cover said floor. 

1 9. A casting stand in accordance with claim 7 in which said notched 

2 member comprises a tab accessible for manual manipulation to rotate said notched 

3 member between said clamping position and said open position. 

1 10. A casting stand in accordance with claim 7 in which said tab is 



2 defined as a movable tab, and said casting stand further comprises a stationary tab 

3 extending from said support rack at a location adjacent to where said notched member is 

4 pivotally mounted to said support rack, said stationary and movable tabs arranged such 

5 that manually pressing said movable tab against said stationary tab will cause said 

6 notched member to be drawn from said clamping position to said open position while 

7 release of said movable tab will return said notched member into said clamping position. 

1 11. An insert for placement in a slab gel mold to form wells in a slab 



2 gel cast in said mold, said insert comprising: 

3 a flat strip of solid, substantially rigid material with a series of regularly spaced 

4 protrusions extending from an elongate edge of said strip perpendicularly 

5 to said edge; and 

6 two end protrusions extending from said strip, one at each end of said series of 

7 regularly spaced protrusions, said end protrusions angled outward away 

8 from said regularly spaced protrusions, said end protrusions being 

9 resiliency bendable inward toward said regularly spaced protrusions. 

1 12. Apparatus for casting an electrophoresis slab gel with sample wells 

2 along one edge of said gel, said apparatus comprising: 

3 (a) a plate and spacer assembly comprising a pair of flat plates separated by a 

4 pair spacers, one located along each of two opposing edges of said plates; 

5 and 

6 (b) an insert for forming said wells, said insert comprising 

7 (i) a flat strip of solid, substantially rigid material sized for insertion 

8 between said plates, 
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9 (ii) a series of regularly spaced protrusions extending from an elongate 

10 edge of said strip perpendicularly to said edge, and 

1 1 (iii) two end protrusions extending from said strip, one at each end of 

12 said series of regularly spaced protrusions, said end protrusions 

13 angled outward away from said regularly spaced protrusions, the 

14 distance between the outer extremities of said end protrusions 

15 being wide than the distance between said spacers, said end 

16 protrusions being resiliently bendable inward to form a fluid-tight 

17 seal against said spacers. 



II 

RAPID ASSEMBLY CASTING SYSTEM 
FOR SLAB GELS 

ABSTRACT OF THE DISCLOSURE 

Flat plates serving as molds and enclosures for slab gels are held together 
5 by a clamping frame in which the side edges of the plates slide into facing channels and 
are clamped by lever-operated cams that compress the channel walls against the plate 
surfaces. The joined plates are held on a vertical support rack containing a finger- 
operated spring -loaded notched clamp that presses down on the plates to seal the opening 
at the bottom edges of the plates against a gasket. A well-forming comb for insertion 
10 between the plates contains flexible outwardly angled fingers to seal against the spacers 
between the plates. 
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